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Ice Flow Dynamics of the Grmmland Ice Sheet from
SA R, Interfcrometry
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Al~s{rN(..{  . Syl~(li(tir-;l]j(.rtllr( radar (SAli) illkrfclo

~raIIIS ])1’()(I(Ic(I(I  f~OIII  IIXA’S 1;]{ S-] s:lf,p]li~,(;,  l)rolj(]r

llIc firsl syl Iol Jtic vielv  of icc flc,w dyj]:i?tlics  of tlIc  wcst-
(’rll Src(,or of tllc (ircclllall<l lc,(, Sllcct,.  Glacia] II)ot,ioll
is (Ie(wled i] I tllc raclnr  ra)lgill~;  dircc(ioll al lllilli  Itlct, ric
Scales, ilCJ’OSS  {1 COlll])l(’tC  SC(]ll(’ll  CC of SIIOJV  ~CCllllllll?l  -

iioll  :111(1 II]cllillg r(giltl(s, (Ics[)itc  significant  vt~yiat,iol]s
ill lll(~ir ra(]ar Scattrrilig l) fo})crl,ics. 1 cc flow cvolws
rroll)  a slow, wgular ]Ilotiml  at tlIc Ilig}lcr clcvatiol]s.
At 10WCI  clcv~ltiol]s,  IImtioll  i s  s(roIIp,ly  cotlvolutd l)y
I I l c l e r - s c a l e  llIldlllilliollS ill Sllrface  to})o,gral)lly, }Vlli(ll

lIavc  a IIlliquc  illt(rfclojllctric sigglairlrc tlta( clla})lcs  a
JIOV(’]  nJ)I~roaclI for  rciricvi]ig f l o w  (Iirwct iolt, IIlfcrlcd
flow (Iirccliol]s, col]ll)it)c(l  will]  sllrfacc disl)lacctmll(s ill
(Ilc radar rallgillg dircc(ioll, yield ice vclociiy cst,illlai,(s

tllnt arc witllijl 6 % o f  it)-sitll IIIc:21slllcIIl  (IIls ga~llcrc(l

:Ilol Ig a 40 kI II sIIrvcy  Iillc. Al)l)licatioll of rq)cat-pass
SAli itlt(.rf(lolilc(ry 10 (IIC ctltirc (JrY,cIIlaII<l ICC SIIwt
SIIOIII(l  CII:II)IC ])rccise llla})l)itl~  of  its ice flo}!f dyltalllics
a t  aII ~}l~l~r(~c(~clellle(l lCVC1  of s}):ltial  cldail,

I)ar(ll’s gccat icc SIIWIS  arc cllallgitlg [11( ?/// (y, 199~{;
\“(l!t  (1(7’ P’c( 11, 1 9 9 1 ] ,  ;III(I  tli(w c} IaIIgcs  CaII  l)c  rcla-

tiwly ral)i(l. ‘I)llc wwlcrtl (xkJIt  o f  tltc (~rcelllalld ICC
Sllwt 11{1s  IIlcaslll;ll)ly \,ill’i((l  011 gclleratiollal tilllc s ca l e s

[ 11’[ id?cl, 1!){)1] }I(wil)ly  associatd }Yiil) Varyi)]g  rates of
sllrftlc( II I(]1 al{)tIg ils IYLS1(IJI flank [1170i///?{{lr, r, 1 993].

‘1’11( illlcri(~r  of (irwlll;llld is  a lso  cl):~llgitlg. \’arial,ility
ill l~rrcil>il[it ion aIId <icc{lllllll:i(i<>ll  l~attcrl)s [l~7wJn71~zr//
C/ [/1., 1!)!)3; ,Sl(,[~(71  cf (Il. , 1993]  lIIay I)(, c:llisillg a rc.

giollal i c c  slIcct tl]ickrllittg, at a ra te  of  2-1o  CII1 pm
yrar I)asc(i  011 s[lrfacc olmrvaliolls [ Vc71  dcr Vccu, 1 993;
Iioslcll(l 011(1 }4’ltill({7)s,  1 988; I{CC}I  (11)(1  (~~IIIdcs[Iwp,
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1{)s:)],  01 as lIIIICI1  a s  1 0 - 2 0 ”  (’111  ])CI’  ycal’ I)as(’(1  011  a n a l -
y s i s  of Siil  Clli(C  (I;lt:l  [Z1/)(///y  r{  01.,  1989].

(II IaIIg(w it) icc slIccl (ly)laltlitw aIc IIlallif’(wt  tlIrouglI

Cllilll S(’S ill icc sllcct sll~ll)c alId  T]mt.io]l.  Salcllitc radar
itll(’rlcrolll(’t]y is olI< lcclllliqllc  i,l Iat SII(IWW  IJrcutlisc  for
)Iicasuritlg  very stllall variatio]w in l)otlI  1)araIIIc4cw  [Z(-
1).4’C7’  C/ ( / 1 . ,  1994;  (“1’ol(ls/( /7) (1 (71.,  19!)3].  II(W, WC r’(-
l)ort, 0 1 1  tlIc first SA1{  illtd’crol]lc(, ry KSIII(S ol)iai]lcd
C)l’Cl tll C \\’CSl(’l’11  fl?lllli  of IIIC CirCClllall(l  IC(’ ,S1l(’(>(.  111-

tcrf’crograIIIs  a r c  l) IxwcIIlcd along a swat]]  tlIat cxkn(ls
fro]]) tlIC .Jii~ol)sll;iv)l  (;lacicr  ilIroIIglI tlIc al,latioli aIId
soal<(~cl  SIIOW  fil(’i (W, 10  lIIC  IJcrcolatiol) facics, alIcl t o
tlIc dry snow  facics [/1[ nson,  19[i2] (Fig, 1). ‘I’l Ic WIJit  O

SIIOIV-COVCICKI”  sllrfacr is IIearly  fca(arclcss it I ol)t ical  alId

SAli-iltkltsi(y i)ttagrry, 1>111 lii.gljly ddailcd il]forlll:~ti(,ll

0 1 1  ice IIlotio]l  is rcvcalc(l iil tlIc SA1{  illt,crf(~lc)gl[lll}s.

Obsc?rvai!ions

‘lb ol)~aill  aII  lI;I{S-J  SA1{ itllcrfcmgralilj {~vo il]lagm
acqllircd a  f(~w clays  al)artl  {iloIIg tlIc NIIIIC  orl)i( o f  tltr
Sl)acecl art, arc rcgistcrc(l ~vitll sulh})ixcl  accuracy,  alId
(IIC l)}tasc  val IIcs o f  lIIC radar sigllah arc difl’cm]ccd,
(-011 (1( ’1)s(’(1 ?Illd avcl’agc(l k)gd]lcl’. ‘J’llc!  lllcaslllc(]  1)118s[:

sliills, fi~), aw col)dil<iol)(d  I)y  tJIc rad~r Wavrlmlglll  A
(b.G cl,,), tl)c l,asclil,c sc,,aratiol,, 1), lx(wrcII tl,c two
sligllily (lifl’crclll  }}(mitliolls  of I’1li,S-1 WI ICII tlIc radal’  clata
f<)r lIIC lMK) illlag~w WCHT  c,l)tailld, lJIc surface tol)op;la -
l)lIy, 11, aIId lIIC surfac~ II]otioll  vector, V ,  a s

(’M#)  z !; [ 1 1  CM((, -1 0(1/)) -) ($IV ~ 1’ ] . (1)

o  k llIc lmsclil)c al Iglc }villl rrs)mct k IIorizolll  al, r i s
tlIc Illlil  ralIgc vector  fIolII tlIc radar alltcllll;l  io a l)oirlt
011 lII(s gK)IIIId, /1/ i s  111(  tillw scj)aratio]l ill l)ctwmII
lIIC two l)asscw (3 (lays), aIId 0(11)  i s  tlIc tol)ogral)lly -
dcl)cII(lcIIl  aIIgle  of r w i t h  rcslwc( to lloriz(jlltal.  \!Tc
cstilllakd )J fro])) II;SA’s l)rccisioll orl)i(s, l)rcatlsc IJ
w a s  slIort (X III) aII(l lIIC icc shmt i s  gclltly utldulat-

illg  at tlIat local io]l, tlIc’ ])1 IRsc shift illtrodacd by sllr-
facc toIJograI)lIy  was LJIIly of the order of a fraction of a
frillgc (2T vari{liioa ill h~)  across (IIC lI;li S-1 SA1{ swath .
‘1’llis l)llasc shift w a s  calrlIliitd and rcllml,cd frolll 64
l)y rcg;iskritlg lIIC  dalII  to a  d i g i t a l  clcvatiol) llIodcJ  o f

GrccIIlaIId l)r(xluccd froll~ radar altilllctry data, at 2 1{111
saIIIl)lc  sl)aci]lg, with 10-20 III vcr(ical accuracy [l’j’k/tolm

rl ( /1 . ,  1994].  ‘111(’ ])llasc Valllcw W’cl’(!  tllcll llllwla])]d

[CJ’0/(1.$/t7?,  (/ ((/., 1!)88],  l(fCrCllcd 1 0 a  ]~oi],{  O f  lillC,\VIl

s~lrfacc  vcloci(y, aIId c(IIIvcIlr(l  illt.o alHJllic s(lrfacc dis-
])lNTIIICII($S. A  SCCOll(i 11’f(’l’(’llC.C SUlfaCC  v[h’ity }1’+IS

u s e d  10 cx)rrcci for  sIIIall  [Ilollg-tracli variations ill 11 (<
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2 I I I) ,  iis  SIICII  cl  ImIgcs  afl’cct  lIIC fril]gcs ill a IIImIIICI

sill) ilar (,()  a  vcloci(,  y g[:((licllt, l;vc]I lvitl) tlI(w~ lwo r(l -

CJXIIC(W, flI(  illtcrfcrogralll i s  coIIIJwllcd  )Iy at leas( four
]) J’()(TSSCS: 1 ) flow sl)cc(l,  2) f l o w  dircctio]l; 3) surfaw
s]o]~c; ;\II(i 4) t,ltc ra(lar scni,tlcri]lg  l)w])criics oftltc firI1.

111 111($  l) CJ’(’Oliltioll fncics, a Ilctw’ork or wavclcll/?; tll -
sizcd, I)[}rid (50  cjI] of (lry stlow  i]] NIOVCt II IJCr), icc
},()(Ii(s, for]lml as :1 c(,l Iscqu(:llcc  of  slllIIIIwr  lIlrlt, ]Jlo-
vidcs tlIc dol~lil}:~l)t SOIIICC  0[ scaltcrirlg [I(iqnof c1 01.,
1993; J(~(k [f ((1,, 1 $1(M].  ‘1’l\cir ra(lar CCIIOCS  am (,IIC
(lJ’(l(’r of I)liigllitll(l(’ l)riglltcr tllall t h a t  J’ccol’(1(’d  for tllc
firll  Vollllllc  or t]lc sllo\vy S u r f a c e . I l l  tllC SO:lliC(l SIIOW
fac ics, lll(~r(’ Vi&)loll S Sllllllll(’1 Jll(’]t ](WV(W ?I SU])CJ’il Jl-
}WS(X1 icc ZOIIC  WII icli is kxl lIOIIIogcII(wus  (0 yicl(l  shxJIIg
I)nclwcatkr. 1  II llIc (Iry s]Iow faciw, vo](l I II(I scaltcl-
itlg frot)l 11)(’  firll (I()]]]ilt;[tcs,  I)utl a lso  y ie lds  \Y(’ali  Ya(l:ll

CCIIOCS.  1  [CIIC(’, i\ CJ’(WS  111(’  difl’crc]t{  SllO\\’  :111(1  aCClllt  111-

latiotl r(,g,iltl(vi, tli( ill[(llsity iiilagcs :IIICI tlI( frillgc ]~a-
(rills arc IImr(’ rclatc(l to tllr volu]IIc  ])ro])(ltics o f  ilIc
fir]] 111:111  to tlIc  i c c  slI(Yl slIrf:Icc.

l$7itll tlla( l)[lCli~l’olll)\l,  a  gOIcral  ]~icturc  of icc S]](C1
fl(nv CmI 1)( cstnl~lisllc(l  I)y cx:illliilati(,Il  of i~ig. lb. A

(’?1111])  \vils CStilllli Sll C(l 11( ’:11’ 11)(! Ccllt(’1 of 111(’ SC(’IIC ill
1991 10 c)l)laill  (Ictai]c(l  l)llysical  Ijro])cr(y III(:Is\Ir cII~cIIls
aloIIg  a 4(1 kIII s u r v e y  lillc. Nortl I aII(l casi of tlIc  caIII l),
lIIC fritlgcs arc l)arallcl aII(l tr(:IId  KJuglIly  ]Iortll-sout]l
(Iig. 2). \V(v+t of tl)r cal,,],, tl]c fril)g’cs rc-ori(,)( aIId tl,c
fritlgc rate  dccrcas(w, Y e t ,  wc caIIII(Jt tl]~:~ll]l)igttollsly
iillcrj~r<~(  this jmttcrll as ciillm a cl IaIIp;c ill flow dirccti(l]i
or a cl Ial Igc it] ii(nv sl~cc(l sillcc wc arc lilllitc(l to a single
])rc)jcct,c(l view of lIIC ]I](,tio])  field.

l’aIl}Icr to tllr SOIIIII  aIICl WCS[ o f  tllc surkcy li]lr, tlIc
friligc IEI(LCIIIS IKC(MII( lIIOJY:  co]]l])licalcd. 1  ICIC, tlIc
fl(nv (Iirccl  io]l ]I121y  I)C (Icicrtttillaljlc bccausc (If’ co]lccII-
traiiotw of collcc]ltric  ]J:\irs  of fli]tgcs. ‘1’lIcsc ]Jairs  arise
frol  II ]Iloliol), ]]]ost]y  v(]lica], over shallow, ]tlct cr-scale
l)ulI(Iw or (Icl]r{wsio])s. ‘1’IIc eflcct is illustrated irl l“ig. 3
11’ller(’ {1 ltlodclc(l illtclf(’roglilltl  is coltlJIarcd  to a real ill-
tcrrclogl’alll  (’xl l’tl(’wl  fl’olll  l“i~, 1 }). ‘1’11(’ IIloclc] (](’llloJl  -

stratcs tlI:Il 111($  lillc co]l]tcc(i]lp;  t,lic c.ollccqltric  circles i s
ill llIc fl(nv dir(.ctioli.  hl(>Mwv(:I , tlIc (Iista]lcc l> C(WCCII
tl~c CCIIICJW of tlIc coltcctllric  c i r c l e s  i s  a~~ljr(milllatcly
IIalf lllc wi(l(ll o f  LII( 1111111]), 2111(1  tlIe ])hasc  (Iiil’crc]]c(
ltwasllrc(l 1)(’( w(w) t)lir cclllcr o f  a circle alI(l t IIC local
111(’:111  l)llil S(’ is I’(’l{ltC(l  10 tile llci~lll of 111(’ l)lIIIIJJ.  I’J’0111

ilIc l}w(lcl, wc (wtiri]atc t]lat ]Imst  l)IIIII],S  atI(l IIoll(nvsill
l~i~. 2 arc a fcw  lilll’S across all(l  a few lo’sofll] ill IIcip,lll,
‘1’llis lIcw tccll]li(]l]c  all(~lYs for aII illdcl)r]l(lcllt  cstillla
tic)]] of flow (Iircclioll (Isillg  a si]l~lc  ])r(~jcclc(l  v i e w  of
tlI( icc llm(i(,tl ficl(l. ‘I’l Ic itlfcrre(l flmv dircc(io]ls arr

c~]ls]s((’]lt’ Wlt’]1 ( 11(’ flo\V v(Y’{(~J’S  (] CJ’i VC(l frol]l  C(j]Iv(JJI.



tiotla] s(lcv(yi]lg (Fig. 2) .  ‘1’llcy a l s o  IIC1])  illlccl)rct  tlIc
fritl~( l):lllcrll wcsl  of’ tl]r Ca]llj) as ]Jriltlarily caused hy
a 15” Cllilll~,(’ ill f l o w  (Iir(clioll.

AlotIg  tll( sl]cv(:y lill(, W( cotlv(vkvl  il)e sorkcc dis-

])loc(tII(lIls iIIto ic( vclocit,ics  Ilsillg  tllc flow dircciioll

ill(lic:lt(xl  I)y ]):iirs  of collc(lllri( circl(w l)otlI  ]Iort]l  a]]d
SOIII II o f  tllc sl]cvcy  ]ill(~ :]]1(1  ]ill(:arly  illt,(~rj)oli(i,c(l ill lJ(-
( Iv(’(’11  \Vc asslllllc a  Sllrrtlcc f l o w  ])aInllcl to llIC icc slI(Yt

sIIIfac(I,  ,Sllrfam  s101)(I  i s  coIII])ut,(Yl  frol II tlIP (]igital cl(J-
v:ltioll  lII(J(I(JI.  ‘1’llc r(slll(s arc witllitl  (j ‘X, 011 av[~ragc of
tllr ill-sitll lII(;IsllrclI]rlIts (Irig.  4). ‘Jllc (Iiff(l(llcc 1)(-
11$’(’(’1) (11(’ t\\’O (Wlilllilt(W  I’(’:ICII(,S  15 % ill  tll  C Solltll(lll

s(~ct,ioll 01 l,llc sllrv(.y  lill(~. Sllrfac(,  slol)cs  w’olll(l  llavc 1 0

IJ(’ ill (Jrrol”  l)y IIlor(’ tl)illl  2“ to ml)lailk  1I1OS(’ (Ii fltircllccs,
1)11(  Sllrfac(’ Sl(q)c’s Ilsllally (lo TIOt CXCCCC1  1°. 1“1OW dircc-
tio])s  wol]l(l IIavc 10 1)( it) error l)y 111)  10100 ,  1)111 imsil u
Cstitllnl(w  ar(’ liilo\\’11  witl]ill j ‘2° allc] flow dir(:ciiol)s i)]-
f(rr(xl  froth 111(  frillp,(  l)atlcrtls witl]ill j 4°. (!llii]lgcs  ill
S11014,  t,lli(,l{ll(,ss of :lljolll  I () (’111 ])cl,\V(Y~]l 1]1(> 1}$’() ]):lss(~s

c(JI]I(I II(NWYCC aCC(JIIIIl for 111( (Iifkmlcc [,)(2(1  (/7/(1 ltif/-
7/()/, Illl])lll)lisll(xl  IIl+lll(lscril)l,  1994].  Ilcllcc, \vc l)clievc
a COllll)  ill  ill  ion of (~rrocs ill f l o w  (lircctiol)s nll(l Cllallg(s
ill snow  (hi Clill(’SS IIl:ly ex])l;iill  tll(’ diSC1’C])illl(’~.

l“rillgjw ill 11]( ]IortlIrIly I,ortioll of tllc swalll (1’ig. 11,)
:Irc slowly  cllallgi]lg, 1]1 CO] ItraSl)  tlIc soutlIcrly  ])orii(,]l
}wcoIIIcs illcrcasillgly coll]j]licatc(l as tllc clyllnlllics  asso-
~iill~(l  wil  II llIC  vigoroos  flo\v oi” ilI(~ J /Icobsl  I:~vJI (jlaci(~]
Iwgitl  to  (Ioltlitlat(. \lTi(llitl  tlic IIlaill  I)o(ty (,fic( strcaIII
fl(l\v ((11(’ l o n g  (1211’1< Str(’lcll visil)]c ill llIC l)ottoltl lcfl of
I’ig. l a ) ,  tllc flow (lir(c[ioll  i s  alIIKm( ])cr])cll(licular 1(,
lllnl at tllc slirvey lill(, willl s(ro)lg v e l o c i t y  ~radicults,
tlll(l  fl(~}%’  SJJ(’(’(l  S Ii]) 10 140  ( ’ i l l / d a y  ( I l .  l)l’CCII (’I’,  ]) C!l’SOlliil

coll]lll(ll]icilli(>ll).  ‘1’1)(:  l(wulti]lp,  ])lIZISC  varialiol)s arc so
rd])id  tl]at \ws arc 1111:11)1(  to Icsolvc  tllc frillgcs l)ccausc

of ])ix(’1 siz(~ li)l)italiotls, ‘J’ll(r(,  a r(visil lill I( o f  OIIC
(I:ly is rcq(lirc(l 10 II I;I1) icr v e l o c i t y .

Conclusions

IIlterfcrc’]lcc  I’rillgcs C<(II  lIc co]lstruckd across ]cgio)ls
01 (ll’illll:l t,i(’:llly (Ii flbre]ll  Snow ]jro])(.rtif.w, It i s  ;11so ])0s

sil)l( 10  (Wtilltill(s  icc flo\\,  dircclioll all(l icc vclocily  Ivi(ll

a  sil)glc illl(’rfctolll(’tlic ol)scrval,  iol] ill arms lII;I( col I-

tai]i ltt II scnlc I) II II I1)S  aII(l  l)ollcws, sc\’(ral  l o ’ s  o f  III ill

ll(i~)lll Ill 0111(’1  ill’(;lS , S(lrf:lc(’  ]llc:ls~]l(~]ll(]lfs  of  ;1( ]c’;\s(

t\V() v(](]ci(y  \’(clc)cs  s(’\(ral 1(’11s  of liilo]ll(tcrs a])ari, arc
(ws(~lltinl I() 1)0111)(1  t,l]( ill(rr])l,(tzltic)ll  o f  tile SA1{, illi(r-
f(’rolll (’try. OIIC(” 111(’ \’illi(lalioll  is ill IIalld, 111(’ (Ictail 011
icr v(lociti(s (I(civ:ll)l( frolll  slJac(l)oI]Ic SAlt il)tcrfcc-
olll(’lcy  i s  lllI])rcc((l(IIl((l I)y a]Iy otl]cr trclllli(l(lr.
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Ackll{)wl(:[lgl]i(:]tts. ‘J’llisworliccl  \viisftllI(lccl  l)ygtallth

fIOIII  N A S A ’ s  l’dar  OW;IIIS till{]  lcc  SII(C!S  l’ro~tt]m.  W(:

tlIiIIIk  Sil)l(,n  l’l!ilIol  III foI  ],rovi(liltg  t h e  clcw,ati(>ll  IIIodcl  of

{jl((,llli!ll(l; 1{01)(11 I I .  ‘1’llolll~s all({ 1<?111 Kuivill(]i  f o r  111(,-
vi(lillg  iriforll]alion  fro))) 111(,  ir il)-sitll  lll(ilSlll  Clll Cllth;  ~~ill(s
I’cltY(,rf(,r(l isc\lssiorlsolt”  tllc,fri]l~(])att(r]is;  illl(l Jakobvau

Zyl for  COIIIII1(IIIS  (JII tlI( ]I)allusclij)t.
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ll]liv(lsily, (~ol II III IIIIs, 011 4)210.

(rc<(iv(,l S(I)lCIIII,CI  1[),  lf194;

ilcccp(c(]  ()(  ’I(l  I)C’I  31, 1991. )

ltl(; N()’J’l;rJ’A l,.: 1(;1; Fl, ()\!T l)}’NAhl  l(;Sol(; l{l; lI; Nl/ANl)

I{ IC; N()’I’I;’I’A  I,.: l(:lI; l’l, olV l) YNAhll(  ;SolI’( il{l I;l;Nl, ANl)

l{ I(:N()’I’  l:’I’A I,.: l(~l; 1~1/O\V  l) YNAMICS OI’(; I{lI;II;NI, AN1)

l{l[~N()  ’1’ 1) ’1’ Al,.: 1(;1; lJL()\V l) YNAi$ll(;Sol”  (./l{ lI; l; Nl/ANl)

l{l(~N()’1’  1;1’ Al,.: 1(:1; 11, ()\4’ 1) ’I’ NAMl(:SOJ’ (;liltltNl,ANl)



l~igllrc 1. (a) lliS- 1 SA 1{ ]Ilosaic. , 3001<111 x 100” litn in
Slz(!, ac.[llliwd  011 1 1 -2 N- {1 I over tlIc  wcstorII  fla II!i of tlIc
(; KYIda TId ICC  Sll(ci @ II;SA 1!)!)1. 1;1{S-1 flies  l’IoJi I tol)
to l~(,tt(,lll,  IOoliillg, (() ils right. ‘1’l)c  ra(lar-l)riglll  ]JcI-
C()]atioll  fil  Ci(’S  SC])<  ll’ilt( tllc  lad?~l’-(l~l’li  al)lilfioll  (VCI~

(1<111<)  :111[1  S(Xlli  C(l-Sll(J>\’  ((1}11’li)  facics  1 0  t}lc SOLllll  f~(llll

tllC dr~-SllO\V  (V(’r~ (I?ll’li)  fticics  h tll( 1)01’(11; (1)) llltCl-
f(r(~~li~lll ol, (aillcd ~vi(ll :( ])air o f  l; I{ S- ] SAI{ ir[[ag(,s
acqllird 011  1 1-2[)-91  RII(I  1 1 – 2 8 - 9 1  alId itl(licali\’c of ic(

IIm(io]l. ~;oi]lg fro]tl  l)IIIC  tlIrouglI y e l l o w  aII(l  ml to

l)IIIC  agaitt (’01’l’(’sl)oll{ls  1(, ii 28 ]]1111 llloV(’Jll(’Jlf tow~l(l
tllc la(l?l l’.

11’igIIr(: 2 .  lhiails of (IIC cctltrfil })ar~,  of Fig. 11). A
(’ill lll~ \\Jil S csial]lisllcd al 6{ J.87C’  ll(Wtll, 47.110 \YCS(  (V(’l”-

tical cross  IIlillli) ill l{)!~l 10 IIlcaslll’e  kl])ogl:l]~ll~,  icc
v e l o c i t y  a[ld  SIIOW tic(t]lttlll:lti(]lt ralc. ‘J’llc Sllrl’cy Iillr
all(] S v(~locity VCC1OW tIr(’ sl)(m’]1 in wllilc. A Iil]litc(l
11111111)(’r  of vtx(ors collll(xliilg ]Jairs  of collccllt  tic flirl~,cs
arc ,sl]owl] i]) lllack. ‘1’IIP  (~cic]ltat io)l of t.llc v(~ctors is itb
(licativc of flow (Iir(’ctioll. ‘J’1](’ir l(]lgtll is cqllal to lllc
(Iistallcc I)((wc(tl co]lcclilric circl(w - riot  to ice vclocily.

11’igllr(! 3. ( a )  1 II((If(rc)&I{IIII  sill lulal,illg ice flow ovc I a
1)111111~.  (kIIIlOlII  liglics ( 2 0  ]))) am SIIOW)l  as J}llitc  lillcs.
‘1’llc flo!v  velocity is 30 cIII/day, 25°  Collllt(’rCIOCli\\  jSc

f’roIII  101).  ‘1’lIc  1)111111)  i s  of (~:lllssi~ll  slja]jc aIId  t h e  icc
flow is +1ss(1111((1 ])at’illl(’l to tllc surface. (l)) 11’rillgc l~at-
lmvts wi~llilt  t}tc  4.8  1{111 o])m]  wllik squaw ill l’ig.  2.
l)iflcr(llc(w l~(t!ve(tl  (a) at)(l (1)) ])rolml)ly  arv  caliscd I)Y
lIIC ]Ioll-gallssiall slla])c of  il)c ma]  l)uIIIj).

l“igllr(? 4. [;oltl]mrisotl  of tllc S A l { - d e r i v e d  ve]ocitics
(Ial)clcd 1}1{S-1)  willI  43 ill-situ  ]Ilc;isllrc]l](]lts [Ialwlcd
N A S A )  giI(lImYl  aloIIg  tltc survey lillc, starting fNIIII
Nort.11,  ‘IIIIC 42 CIII/daJ error l~ar for  ilIc ill-sill] lll(a-
sllrc)llcllts I(wi Ilts fcolll  almolut.c  l o c a t i o n  crrom ill fllc
l)osit,iolt  o f  1,11( St?llil’S  (1( ’j)loy(d  oli  tl)(’  ice  Sll(’Ct  10 111(’~-

‘+()()-(lay  ])criod  l,c-sllrc lloli7,0111 ill”  (lisl)ltlcc~l]l~~]]ts:  OVCl i! .
t\!’c(’)1  1 (]{!  I aII([  j !l{)~.  ‘~’t)c  error  ])at’  f o r  t]ic  I:IiS-l VC’-

lociti(w  r(’slllk froll)  a :1 4“ 1111 C.Cl’lilillt~ ill flow (Iircctioll.
‘1’lIc s~lrfac( cl(vatioll II I(aSIIITd ill-situ (Ial)clc(l  NASA) ,
tili(l tll C l’il(l~l’ ;iltilrwlry (I; lta (l~l)CICd  KNIS) ~1(’ S i l o \ ! ’ 1 1

ill colltillllolls  all(l  (lottc(l lillcs.
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